INTRODUCTION
Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disease characterized by inflammation of the sacroiliac joints, spine, and entheses [1] . Diagnosing patients with AS is often challenging due to a variety of reasons: high prevalence of back pain in the general population, slow progression of disease, lack of specific symptoms or biomarkers, high frequency of nonrheumatology consults initially sought by patients, and lack of clear guidelines for rheumatology referrals [2] [3] [4] . Many patients may not seek medical help due to the limited awareness of AS within the general population [5] , thus precluding an early diagnosis [6] . The widely accepted modified New York criteria for AS specify radiographic sacroiliitis as a classification criterion for AS [7] ; however, radiographic changes may take a number of years to develop, if they occur at all, thus complicating the detection and management of patients with possible early stages of the disease who do not yet manifest damage in the sacroiliac joints on plain films [8] . The Assessment of SpondyloArthritis international Society classification criteria for AS, developed in 2009, included patients with radiographic sacroiliitis as well as patients with nonradiographic sacroiliitis (e.g., sacroiliitis as detected by magnetic resonance imaging or the presence of HLA-B27 and C 2 other clinical features) [9] .
Although the prevalence of AS is known to be between 0.2 and 0.5% in the United States, true prevalence is unknown due to the significant delay in diagnosis and underrecognition of the disease [10] . Additionally, sex differences have been described in spondyloarthritiswomen experience a longer delay in diagnosis [11, 12] , even though the age of onset of AS does not vary between men and women [13, 14] . AS occurs more frequently in male than female patients, with disease onset typically occurring in the late teens through 40 years of age [15] ; the average symptom duration before diagnosis has been reported to be as long as 14 years [16] . Delayed diagnosis may increase the clinical and economic burden on patients and their caregivers [6] . Understanding the diagnosis journey of patients with AS and identifying opportunities to quickly diagnose and appropriately refer patients are critical in preventing irreversible joint damage and preserving mobility.
The objectives of this study were to describe the patient journey to receiving a diagnosis of AS from the patient perspective and evaluate the differences captured between male and female patients, both overall and stratified by time between seeking medical attention and receiving a formal AS diagnosis.
METHODS

Data Source and Study Population
US adults aged C 18 years with a self-reported diagnosis of AS were recruited through CreakyJoints (https://creakyjoints.org), an online patient support community comprising patients with arthritis and arthritis-related diseases and their caregivers, ArthritisPower (https://arthritispower.creakyjoints.org), an online patient research registry similarly comprising patients with arthritis and arthritis-related diseases, and outreach through social media; the Global Healthy Living Foundation is the parent organization of the CreakyJoints and ArthritisPower arthritis patient communities. Adult patients were primarily recruited via e-mails sent to patients included in the CreakyJoints and ArthritisPower member databases. Members use both websites for information about arthritis and social support from other members with similar disease experiences. Members of the CreakyJoints and ArthritisPower groups were asked to complete an optional online registration with self-reported demographic and health information. Members of the ArthritisPower research registry consented to participate in the registry and completed an online registration with self-reported demographic and health information. A query of the CreakyJoints and ArthritisPower member directories was performed to identify patients who self-reported having received a diagnosis of AS from their physicians. Global Healthy Living Foundation researchers scanned the membership databases to identify eligible members based on profile information that members voluntarily provided. CreakyJoints and ArthritisPower profile information contains self-reported data on age, sex, location via zip code, condition, and currently prescribed medications. Respondents with longer times to diagnosis (C 10 years) tended to be older and were more likely to be white; however, these trends were not statistically significant. Nearly 80% of respondents had received biologics; 84.3% of respondents had been prescribed nonsteroidal anti-inflammatory drugs for AS, and almost 65% of respondents had received nonbiologic disease-modifying antirheumatic drugs. Significantly more women with AS were prescribed nonbiologic diseasemodifying antirheumatic drugs compared with men (71.8 vs. 44.3%; P = 0.0002). Overall, the mean (SD) cumulative RAPID3 score for all respondents was 15.4 (5.4), and the majority of respondents (71.9%) had high disease severity (score, 13-30), regardless of time to AS diagnosis (Supplemental Table 1 ); although the proportion of respondents with high disease severity appeared to be higher among respondents with a time to diagnosis of 2-9 years (76.1%) and C 10 years (75.3%) compared with those with B 1 year to diagnosis (65.5%), this trend was not statistically significant (P = 0.6075). At the time of survey participation, more than half of patients (62.6%) reported experiencing disease flare-up; common symptoms reported included stiffness (86.4%), fatigue (84.3%), and back pain (83.0%). Furthermore, presence of fatigue/exhaustion/tiredness, difficulty sleeping, migraine, tendon or ligament pain, and irritable bowel syndrome were increasingly more prevalent with longer time to diagnosis, whereas back pain, joint pain, and fibromyalgia were more common among respondents with shorter times to diagnosis. A significantly higher number of respondents with a longer time to diagnosis reported experiencing tendon or ligament pain (P \ 0.05). With regard to sex differences-significantly more women with AS reported fatigue, back pain, difficulty sleeping, anxiety, migraine, tendon or ligament pain, foot problems, fibromyalgia, and irritable bowel syndrome compared with men with AS, whereas more men with AS reported hypertension compared with women.
The cumulative percentage of respondents with AS who received a formal AS diagnosis over time from seeking medical attention, as stratified by sex, is shown in Fig. 1 . Time to diagnosis was shorter among men compared with women. Overall, the mean (SD) time since symptom onset was 17.9 (12.6) years, and the mean (SD) time since receiving an official diagnosis of AS was 8.5 (9.3) years, suggesting that, on average, respondents experienced a delay in diagnosis of AS of [ 9 years. Common symptoms that led respondents to initially seek medical attention were back pain (73.2%), joint pain (63.8%), and stiffness (59.1%) (Fig. 2a) . Sciatica and difficulty walking were more commonly reported as symptoms that led to seeking medical attention among respondents with longer times to diagnosis. Female respondents were more likely to seek medical care due to foot problems (31.6 vs. 11.5%), whereas male respondents were more likely to seek care due to uveitis (31.1 vs. 14.9%; both P \ 0.05) (Fig. 2b) . More than half of respondents (57.0%) sought medical treatment within a year of symptom onset, with no differences between men and women; however, 30.2% of respondents waited [ 2 years after symptom onset before seeking medical treatment. During the diagnosis process, the majority of respondents (87.2%) consulted with general practitioners or family doctors, followed by rheumatologists (65.1%) and orthopedists (26.8%); a significantly higher number of respondents with a shorter time (B 1 year) to diagnosis sought medical care from rheumatologists compared with those with longer times (2-9 or C 10 years) to diagnosis (77.0 vs. 67.6% and 49.4%, respectively; P = 0.0009) (Fig. 3) . With increasing time to diagnosis, respondents were more likely to see other nonrheumatologists including general practitioners/family doctors, sports medicine specialists, psychologists, dermatologists, podiatrists, and pediatricians. Only nine of 235 respondents (3.8%) reported that they never had a misdiagnosis. A significantly higher number of respondents with a shorter time (B 1 year) to diagnosis reported that they were never misdiagnosed compared with those with a longer time (2-9 or C 10 years) to diagnosis (33.3% vs. 7.0 and 6.4%, respectively; P \ 0.0001) (Fig. 4a) . The most commonly reported misdiagnoses were 3%) ; a significantly higher number of respondents with a longer time to diagnosis reported receiving misdiagnoses of back pain, psychosomatic disorders, sciatica, orthopedic issues, and osteoarthritis compared with respondents with a shorter time to diagnosis (all P \ 0.05) (Fig. 4a) . Significantly higher proportions of women reported misdiagnoses of fibromyalgia (20.7 vs. 6.6%) and psychosomatic issues (40.8 vs. 23.0%) compared with men (P \ 0.05) (Fig. 4b) .
DISCUSSION
In this study, we described the journey to receiving a diagnosis of AS from the patient perspective by examining differences by sex and Respondents with a shorter time to diagnosis were more likely to seek medical attention due to back pain, joint pain, swollen joints, and difficulty breathing, whereas respondents with a longer time to diagnosis reported first seeking medical treatment after experiencing foot problems, neck pain, difficulty walking, uveitis, tendon or ligament pain, and pelvic pain. The manifestation of more ''typical'' axial AS symptoms (e.g., back pain and joint pain) may be instrumental in the timely diagnosis of the disease; respondents with these symptoms had a quicker time to diagnosis compared with respondents manifesting symptoms such as foot problems, neck pain, and pelvic pain. Women with AS in our study were significantly more impacted by pain, fibromyalgia, and fatigue compared with men. The severity and symptoms of AS, along with pain and fatigue, were reported to be the primary contributors to impairment of patient quality of life [20] , and as such, pain and fatigue management are critical in improving the physical, social, and psychological aspects of AS [21] . On the other hand, a significantly higher proportion of men with AS reported hypertension compared with women. Sex differences as observed in our analysis have been discussed in other studies, highlighting that women may manifest AS differently than men due to different immunologic [22, 23] and genetic [24, 25] responses to the disease. Additionally, enthesitis [26] [27] [28] and disease severity [29, 30] were significantly more pronounced in women with AS compared with men in several studies [29] [30] [31] [32] . Compared with men with AS, women also experienced a significantly lower quality of life [26, 30] and greater delay in receiving an AS diagnosis [11, 33] . With regard to symptom presentation, one study documented that men reported experiencing inflammatory back pain more frequently than women, whereas women reported more pelvic, heel, and widespread pain during the course of the disease; at the time of diagnosis, men had more limited chest expansion and had increased occiput-to-wall distance compared with women [34] . In a 5-year prospective study of spinal radiographic progression in AS, high levels of C-reactive protein and smoking were reported as predictors of progression in men [35] .
Fewer than half of respondents (37.1%) received an AS diagnosis within 1 year of seeking medical attention, and 32.8% of respondents waited more than a decade to receive the diagnosis. Overall, respondents began seeking treatment due to pain, stiffness, and fatigue, and most consulted with general practitioners for a diagnosis. During this period of diagnosis delay, patients may report feeling adrift and confused in efforts to understand and legitimize the challenges and difficulties in various aspects of their lives due to AS [5] . As this journey toward diagnosis becomes prolonged, there is an increased impact of the disease, leading to poor quality of life and overall frustration toward the providers' inability to recognize the condition; patients may pay a ''psychological price'' for this journey [5] . A delay in diagnosis and subsequent treatment contribute to the economic, physical, and psychological burden on patients and their caregivers [2, 36] . Consequences of delayed diagnosis include prolonged pain, depression, stiffness, severe hip disease, and fatigue, along with the potential loss of spinal mobility and function [37] [38] [39] [40] [41] .
Misdiagnoses were also common among respondents with AS in this study. Back problems (44.3%) and psychosomatic disorders (36.2%) were the most common misdiagnoses reported; interestingly, fibromyalgia was more commonly reported as a comorbid condition among patients with shorter times to diagnosis, whereas patients with longer times to diagnosis were more likely to be misdiagnosed with fibromyalgia (among other conditions). Significantly higher proportions of women than men reported misdiagnoses of psychosomatic issues and fibromyalgia in our study. Several studies have reported the coexistence of fibromyalgia in patients with AS [42, 43] , and another study documented the increased prevalence of fibromyalgia among women with AS [44] . In efforts to increase the awareness and education of referring providers, such as primary care physicians and dermatologists, to reduce or prevent delayed diagnoses and misdiagnoses, various referral strategies have been suggested [45] .
Earlier recognition of symptoms associated with AS may help to reduce the number of misdiagnoses, shorten the time to diagnosis of AS, and lead to improved care and health-related quality of life. Predictors and/or prognosticators of delayed diagnosis have been documented. Features such as uveitis, enthesitis, HLA-B27 expression, and metrics of disease severity, disease activity, and quality of life such as the Bath Ankylosing Spondylitis Functional Index, Bath Ankylosing Spondylitis Disease Activity Index, and AS Quality of Life have been documented as predictors or correlates of delayed AS diagnosis [39, [46] [47] [48] . Upon the receipt of a diagnosis, patients with AS reported a sense of empowerment as they began to accept and understand the circumstances and seek treatment; they reported feeling relief even though they knew there was no cure for the disease [5] . One of the primary hurdles for the identification and referral of patients with AS is the high prevalence of chronic back pain within the population [2] . The median delay from time of back pain diagnosis to rheumatologist referral was approximately 10 months; after a rheumatology consultation, patients were diagnosed with AS within 1 month; predictors of quicker referral included younger age, male sex, presence of uveitis, use of prescription drugs and X-ray imaging, and primary care as the referring physician specialty [2] . Thus, increased awareness of AS and education of signs and symptoms of AS among primary care specialties may contribute to timely rheumatology referral and ultimately accurate AS diagnosis.
Our results should be interpreted in the context of limitations inherent to all patient surveys. Patient perspectives may be subject to the patients' bias and experience. Respondents participating in the study were participating in an online community and may be more likely to take part regularly in research studies and, thus, may have had greater interest in managing their disease. Our study included a higher proportion of women than is typically observed with AS; although AS is generally a male-dominant disease [49] , women are typically more active online [50] . The study relied on patients' self-report of diagnosis of AS, which may lead to under-or overrepresentation of reporting of symptoms; clinician-reported confirmation of diagnosis was not obtained. However, the majority of respondents in this study were using biologic therapies, contributing to the validity of the diagnoses.
In conclusion, this study showed that respondents with AS sought medical help from various types of healthcare providers in their journey to obtain a diagnosis of AS and confronted diagnosis delays and misdiagnoses. Enhanced awareness of AS symptoms, particularly in nonrheumatology settings, and overcoming diagnosis obstacles may expedite referrals to rheumatologists. A timely AS diagnosis and subsequent disease management may improve disease outcomes and increase the quality of life of patients with AS.
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